**Abstract**

Microglia are commonly known as the resident immune cells and have emerged as key players for neuro-immune system. However, the underlying mechanisms of neuro-glia interaction are poorly understood. Here, we investigated how microglia affect neural functions and behavioral responses. To make concrete, we used microglia specific STAT3 knock-out (KO) mice via Cre-loxP recombination system. Primarily, we found that immobility time in forced swim test and tail suspension test were reduced not only in microglial STAT3 KO group but also in the groups exposed to acutely and chronically induced restraint stress. From cytokine profiling assays, we identified that level of M-CSF was increased in microglial STAT3 KO mice. To decipher the mechanisms, we employed *in vitro* co-culture system between BV2 cells and HT22 cells. Surprisingly, level of M-CSF mRNA was higher in HT22 cells cultured with STAT3 knocked-down BV2 cells. Likewise, secreted form of M-CSF was increased in the same co-cultured media. Moreover, M-CSF treatment on HT22 cells significantly induced phosphorylation of ERK1/2, Akt, GSK3β, which were known as signal mediators for synaptic activities and especially antidepressant pathways. Interestingly, we discovered the increased level of BDNF in HT22 cells and co-culture systems after M-CSF treatment. The same results were confirmed in microglial STAT3 KO mice. Concerned with synaptic functions, mEPSC frequency of medial prefrontal cortex was increased in the microglial STAT3 KO mice and M-CSF treatment group. Our findings open the possibility that microglial STAT3 modulates neuronal cytokine expression and synaptic activity, and consequently regulates depression and stress-related behaviors.
